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Comparison of T. spiralis from Poland and Kenya
The present paper was designed to verify, in other experimental conditions and with different methods, the observations made in Kenya, about which we learned from Dr. Nelson prior to their publication. We hoped to find out whether the strain from East Africa differs from that from Poland not only in its infectivity but also pathogenicity, this being of particular interest in regard to our experiments on the pathogenesis of trichinellosis at present being conducted in this laboratory.
MATERIAL AND METHODS
The experiments were made on laboratory mice and rats of our own breeding, fed on standard granulated fodder and water ad libitum ', care was taken to use for the experiments animals of the same age, weight and sex (males only). Animals from each group were kept together (also for some time before the experiment) in metal cages, invariably under the same conditions. For comparative purposes 3 strains were used : (A) Laboratory strain isolated from pig 18 years ago and maintained since then in the laboratory through numerous passages, mostly through mice, and only occasionally through rats or guineapigs.
(B) This strain was isolated recently from a human corpse (No. of examination : 1922) ; but as it was a light infection it had to be passaged through mice to be concentrated.
(C) This strain was sent from Kenya by Dr. Nelson in muscles from a laboratory baboon (Papio doguera) ; it was isolated there from a spotted hyaena (Crocuta crocuta) and then passaged through the mongoose {Myonax sanguineus). The small amount of the original material permitted only one experiment (1) ; experiments 2, 3 and 4 were made with the same strain, but passaged through our mice.
The animals were infected by the oral route with carefully calculated doses of parasites. With lower doses (200 larvae) the parasites were counted under the microscope in small pieces of muscle; with heavier ones (2,000 or 15,000 larvae) the larvae, obtained by a digestion method, were suspended in agar solution and administered in the required doses directly into the oesophagus. A detailed description of the methods used is given elsewhere (Z. Kozar and M. Kozar, 1963) . Great emphasis was laid on the necessity for meticulous technique which is essential for this kind of experiment. The infected animals (whole groups) were weighed every second day and the measurements plotted in the diagram, which in accordance with our previous findings, behaves in a characteristic manner ; this diagram may be, in addition to the mortality and survival time of animals, a criterion of the host reaction to invasion and consequently of pathogenicity of the parasite (Z. Kozar and M. Kozar, 1963) .
To test the intensity of infection mice were sacrificed after 8 weeks. After the removal of the skin and abdominal organs, the carcase was cut and exposed to artificial digestive juice at 40°C in flasks sealed with a single layer of special gauze and placed upside down in Baermann funnels. Thus, it was possible to recover from the animal almost all the larvae, which, after the digestion of the muscles, passed through the gauze and settled at the bottom of the tube. Control examinations of post-digestion material in the flask or on the gauze were negative or at most showed the presence of only single larvae.
T. spiralis larvae obtained separately from each mouse in this way, were, after washing in physiological solution, added to calibrated tubes to make up a volume of 10 ml. with a properly prepared agar solution, which when retained at room temperature was a liquid of fairly dense consistency. After thorough mixing, a homogeneous larval suspension was obtained, which could be maintained for a prolonged time ; a special pipette was used to take 10 samples (0-1 ml. each) in which the number of parasites was counted microscopically on a calibrated glass slide. The results achieved were invariably comparable, this indicating the accuracy of the method in use. The mean from 10 samples, properly calculated, yielded the total number of larvae contained in the animal. All procedures and calculations were performed throughout by the same person (one of the authors).
RESULTS
Four experiments were carried out using 110 mice and 20 rats, divided into 10 groups.
In Experiment I, the pathogenicity of the two T. spiralis strains A and C was compared. The strain C derived, this time, from the material sent from Kenya in muscles of Papio doguera. In the No. 1 group of mice (10 animals weighing 26-27 g) each mouse was infected with 2,000 larvae of strain A (ca.76 larvae/g.b.w.) and group No. 2 (10 animals with the body weight of 22-23 g) with 2,000 larvae of the 22 Comparison of T. spiralis from Poland and Kenya (4) strain C (ca. 89 larvae/g.b.w.) In group 1 (Table I) all animals died within 34 days, whereas in group 2 death was observed only in 3 cases (between the 11th and 14th day after infection), 7 mice surviving the whole observation period (90 days).
Graph I shows the behaviour of the mean body weight per mouse separately for group 1 and 2. There is a typical decrease in the body weight during the first 11-12 days after infection, followed by its pronounced rise and repeated decline at about 25 days after infection. At that time the body weight of animals from group 1 (strain A) showed a steep decrease up to the 34th day, when the last animal of this group died; the body weight fall in group 2 (strain C) took a milder course and after 40 days the curve was even found to be elevated (7 mice survived the infection), suggesting the recovery of animals.
In Experiment II, 3 groups of young mice (3 months old) of comparatively equal weight (23-24 g) were used. Each animal was infected with 2,000 larvae from the strains A, B and C (ca. 85 larvae/ g.b.w.). Strain C was in this case passaged through mice (from Experiment 1). The mortality and survival rate of animals are given in Table I , and the behaviour of mean body weight for individual groups in Graph II.
All animals from group 3 (strain A) died as early as 26 days after infection. It is noteworthy that in this case the same dose of the parasite administered to animals which were younger and lighter, as compared with those of group 1 from Experiment I, this circumstance being reflected by the earlier death of the animals. The weight curve in group 3 was also different from that of group 1. There was no increase in body weight 14-15 days after infection ; it decreased until the death of all the animals. This was also observable in other experiments where too heavy doses of parasites, leading to comparatively early death, were used. In the diagrams, the weights of controls are omitted, for the sake of clarity ; in this case, there was a more or less regular increase in the mean body weight. 
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Z. KOZAR AND M. KOZAR 27 mice from group 5 showed the greatest resistance to invasion ; those from group 4 showed less resistance and those from group 3 showed the least. The curve for 6 surviving mice from group 5 after 60 days tended to increase, whereas in group 4, its slight rise at day 50 was followed by a decreasing tendency up to the death of the last mouse which succumbed on the 64th day.
All mice which died or were sacrificed, (if they survived at least 90 days) showed T. spiralis invasion.
In Experiment III, 2 groups of laboratory rats, aged 3-4 months and weighing on average 179 g (169-188) were used ; they were infected each with 15,000 larvae (83 larvae/g.b.w.) of the strain A (group 6), and the strain C (group 7). A remarkable difference occurred in the mortality of animals from both groups (Table I )* In group 6 (strain A) all animals died within 33 days, mostly in the initial phase of infection, whereas in group 7 only 1 rat succumbed on the 8th day post-infection, the remaining 9 animals surviving the infection throughout the experimental period (3 months).
The differences are also apparent from Graph III, which shows the mean body weight of animals. The weight curve of rats from group 6 behaves like that seen in mice; there is only a slight acceleration (by 2-3 days) of the first decline, and the increase of the curve is followed by its subsequent fall up to" the death of the last rat on the 33rd day ; on the other hand, the curve of group 7 exhibits an initial decline, followed by a steady, clear-cut increase in the body weight. Similar patterns were also encountered in other experiments in mice infected with small doses of the parasite (e.g. 500 larvae/mouse). The 9 surviving rats from group 7 were sacrificed 3 months after infection, and after thorough digestion of all muscles, the number of larvae contained in the whole animal, as well as the amount of larvae per 1 gram of rat weight were calculated according to the described method (Table II) .
Experiment IV was undertaken to answer the question whether the infection of mice with equal doses of various strains leads to the production of the same number of parasites in the muscles. Three groups of 10 mice each (Nos. 8, 9,10), at the age of 2 months and approximate weight of 21 # 5 g were infected with strictly defined doses of 200 larvae (ca. 9-3 larvae/g.b.w.) of the strains A (group 8), B (group 9) and C (group 10). After 8 weeks all animals were killed, meticulous care being taken to count for each animal the number of larvae recovered by the digestion method. The results obtained (10) (Table III) Number of T. spiralis larvae in the muscles of rats 3 months after the infection with 15,000 larvae from the strain C.
No. of animal Number of larvae in Number of larvae per 1 gram whole animal of rat body weight 1 o 3 4 5 6 7 8 9
The number of muscle larvae of 7\ spiralis in mice infected with 200 larvae oj strains A, B and C. If, however, the mean values, calculated for each group, are taken into consideration, it can be seen that the number of muscle parasites produced in animals infected with the strain C (group 10) is about half that of animals infected with the strain A (group 8). 
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This is also confirmed by the calculation of the mean number of larvae per l.gram of body weight after killing, or per 1 gram of carcas after the removal of skin and abdominal organs. Here again, an intermediate position is occupied by mice infected with the strain B (group 3).
DISCUSSION
The East African T. spiralis strain proved to be of low infectivity for rats and domestic pigs (Nelson and Mukundi, 1963) . It was reported elsewhere to be less pathogenic, at least for man, as some people could survive trichinellosis without any treatment, in spite of the fact that their muscles showed a great concentration of the parasites, amounting to 2,000 larvae per 1 gram of muscle (Nelson, Guggisberg and Mukundi, 1963) .
The problem of low pathogenicity of the Kenya strain being the main subject of our interest we decided to test it in mice using our previously established criteria (Z. Kozar and M. Kozar, 1963) . The mortality and survival time of mice, as well,as the behaviour of body weight may indicate the severity of the disease in animals. A dose of 2,000 larvae/mouse was chosen, which in our other experiments with laboratory strain proved to be lethal, but permitted the follow-up of the survival time and characteristic curve of mean body weight.
Already Experiment I was suggestive of a lower pathogenicity of the Kenya strain (C), as compared with our laboratory strain (A). In spite of the fact that the mice infected with the strain C (group 2) were younger and weighed less than those infected with the strain A (group 1) they tolerated better the invasion (weight curves, Graph I), as indicated by 7 recoveries out of 10 animals.
The same could be confirmed in Experiment II, where the weight of all animals was almost equal; here again, all animals infected with the strain A (group 3) died even a few days earlier than those in Experiment I (group 1), which might be attributed to the lower body weight and younger age of the animals. Just for these reasons the weight curve failed this time to show a characteristic course, as it did in mice infected with the strain C (group 5). Although in group 5, 14 out of 20 animals died, their survival time was as a rule, longer than that in group 3, and moreover 6 mice survived.
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Comparison of T. spiralis from Poland and Kenya (12) In order to confirm the assumption that the Kenya strain is really characterized by a lower pathogenicity than the Poland strain, it was necessary to demonstrate that both strains produce the same numbers of parasites. For this purpose we undertook Experiment IV, which showed-in spite of great individual variations among the mice-that the number of muscle larvae, as a consequence of infection with the Kenya strain, is almost half that produced by the challenge with the Poland strain. Thus, we were able to confirm a lower infectivity of the Kenya strain, but our assumption about its lower pathogenicity was not substantiated.
From these investigations no conclusions can be drawn as to whether the lower infectivity of the Kenya strain is its specific biological feature (e.g. its reduced reproductivity), or whether a major role is played by host factors (natural immunity) which caused the failure of the strain to adapt to host species under investigation. In the second case, it is also unknown which stage of the invasion involves a stronger intervention of defence mechanisms of the host, since so far we have not studied the intestinal phase (persistence of parasites in the intestine, their dimensions, sex ratio etc.).
It seems, however, that the distinct feature of the Kenya strain we have demonstrated, is not a stable biological one ; some differences are already observable in Experiments I and II (groups 2 and 5). In the first case, only 3 out of 10 mice died, whereas in the other 14 died out of 20, though the latter were at the time of infection 1 gram heavier than those in the first experiment. It is conceivable that this result was determined by the previous passage of the strain through the mouse.
The change of the host is likely to affect the infectivity of T. spiralis. The strain C, isolated in Kenya from wild animals was probably passaged for the first time through the mouse in our laboratory ; its second passage through the same host may already suggest an increased infectivity. It is difficult to predict whether or not it will be subject to further transformations in the next passages and simulate other strains.
Similar observations were made by Zimoroi (1963) who followed up 2 passages of T. spiralis straines from wolves, foxes, genets and martens through mice and guineapigs. In the first passage he saw a reduced infectivity, but in subsequent ones it was almost equal to that of the strain obtained previously from pig and maintained in laboratory through guineapigs. It seems that T. spiralis strains occurring in Poland are not pronouncedly, distinct, at least in the light of our 18-year observation period of trichinellosis and other suggestions on this subject.
For Experiments II and IV we also employed another Polish strain, this time isolated from a man who became infected with the parasites from pig meat. In view of the slight infection it could not be used directly and had to be concentrated beforehand by passages in mice, which might have exerted a certain influence on its infectivity. It was found however, that this strain (B) also different from the laboratory strain (A) and behaved with regard to infectivity and pathogenicity like an intermediate one between A and C strains. Here again the transmission of the parasite to a new host probably had an attenuating effect on its infectivity.
As our experiments were mostly made on mice, direct comparison with the results obtained by Nelson and Mukundi, who used rats and other animals, is rather difficult, We were able to confirm the difference in the infectivity between the Kenya and Poland strains, though this was not so marked as might be expected from the British authors' work ; they reported considerable difficulties in infectingamong other animals-mice with T. spiralis from man or carnivores. Meanwhile, the strain could be isolated only through passages in various hosts and we received it in this state. This might account for the fact that our animals could be infected more readily. We feel, therefore, that variations in the infectivity are not a constant feature of T. spiralis and may disappear after consecutive passages through the same host. This is true, above all, for the laboratory mouse.
Basic observations of the British authors were, however, concerned with rats and pigs. They state that the Kenya strain was practically devoid of infectivity for rats (Forrester, Nelson and Sander, 1961) . For our Experiment III we used 2 groups of rats (10 animals each), infected with 15,000 larvae of the strains A and C, this meaning about 83 larvae/g.b.w., i.e. corresponding to the dose of 2,000 larvae for mouse (85 larvae per 1 gram of body weight). From other experiments rats are known to survive normally the dose of 8,000-9,000 larvae (ca. 44 larvae/g.b.w.) so in this case their death was to be expected.
Such was the case, indeed, as all animals infected with our strain (A) died as early as the 33rd day, whereas from the group infected with the Kenya strain only one rat succumbed. In all surviving animals, muscular invasion of T. spiralis larvae was detected 3 months after the infection. Neither in these rats nor in other animals could (14) we confirm the observation of Nelson and Mukundi that as early as 4-6 weeks after infection with the Kenya strain the muscles contained dead and calcified larvae.
Our dose (15,000 larvae) did not exceed by much the highest dose (12,800 larvae) used by the British authors. Even with this dose no muscle larvae could be detected in 2 animals by the compression method and only the digestion method detected the mean of 0*5 larvae per 1 gram of muscle. In other less heavily infected rats (1,600 larvae) they obtained the highest.muscle density of 1511arvae/g.
Our results are fairly clear; for one thing, all animals became infected, but the degree of muscle invasion varied in spite of the same infecting dose (ranging from 7,180 to 539,340 larvae), as may be seen from Table II . Never before did we observe such divergences, which might only be attributed to individual susceptibility or resistance of animals. Both this observation and the computations for mice call for great caution in drawing any firm conclusions from the meager material of laboratory animals.
It is also puzzling that the rats infected with the Kenya strain failed to exhibit pathological symptoms and did show an increase in the body weight, though in one animal the content of larvae was as high as 2,161 larvae/g.b.w. This might suggest a lower pathogenicity of the Kenya strain for rats, a greater number of test animals being, however, mandatory for the corroboration if this assumption.
CONCLUSIONS AND SUMMARY 1. A lower pathogenicity of the Kenya strain of T. spiralis was substantiated in mice as compared with our laboratory strain ; infection with a dose of 2,000 larvae from the laboratory strain resulted in the death of all the animals, whereas 7 out of 10 and 6 out of 20 mice infected with the Kenya strain survived.
2. The reason for the lower pathogenicity of the Kenya strain is related to its weaker infectivity ; after the infection with 200 larvae of the Kenya strain the number of muscle larvae produced was half (on average 17,595 larvae) that of the laboratory strain (average 32,792 larvae).
3. It seems that the lower infectivity of the Kenya strain is not a constant feature. It is subject to changes following subsequent passages through the same host; this indicates certain difficulties in acquiring full infectivity after transmission to a new host, as well as to a gradual adaptation of the parasite to a new host species. In nature the formation of new strains may take place, particularly when the circle of hosts is closed for a prolonged time, as for instance in East Africa.
4. Our third strain under investigation, isolated recently from man, also differed from the laboratory strain, but it possessed a higher infectivity for mice than the Kenya strain.
5. The lower infectivity of the Kenya strain for mice is still more pronounced for rats, though the marked resistance of these animals, as demonstrated by Nelson and Mukundi (1963) , could not be confirmed in our experiments. All rats infected with the Kenya strain (15,000 larvae each) produced muscle Trichinella in numbers ranging from 7,180 to 539,340 larvae/rat; C. The divergencies between our results and those of Nelson and Mukundi may be due either to changed infectivity (passages) of the Kenya strain or to variations in susceptibility and resistance of laboratory animals, or finally to differences in the methods used by different authors.
